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potassium cyanide, the molal ratio combined uncombined zinc usual- 
four one, though sometimes three one, and showed that the salt 
will separated about KCN and and 
moreover, concentrated solutions there exist such ion salt 

Book analytical describes the followings: produces 
white precipitate zinc cyanide adding potassium cyanide solution 
zine salt. this case, the reaction take places are: 


Composition Zinc Cyanide Ion. simple titration method has 
been employed determine the ratio combined cyanide zinc the 
complex ion. The method has already been described the cases silver 
and cadmium cyanide has been prepared from 
the dilute solution sulphate and sodium cyanide solution. Itis white 
amorphous precipitate. The results are summarized the following tables. 


Table 
Sodium Cyanide and Zine Cyanide. 


Combined cyanide mol per litre Ratio 


Zine Free cyanide combined cyanide 


mol per litre mol per litre Apparent 


0.5978 3,09 
0.4944 0.7321 3.08 


This (1931), 61. 


(1) anorg. Chem., (1904), 351. 

(2) For example, Treadwell, der analytischen Vol. 
This Bulletin, (1929), 190. 

(4) This Bulletin, (1931), 60. 
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Table 1.—(Concluded) 


Combined cyanide per litre Ratio 
cyanide 
Apparent Actual zine 


Zine Free cyanide 
mol per litre mol per litre 


0.1199 1.4809 0.2457 0.3656 3.05 


0.0770 1.5742 0.1524 0.2294 2.98 


0.2469 0.5614 0.5030 0.7499 3.00 
0.2005 0.6614 0.4030 0.6035 3.01 
0.1853 0.6955 0.3689 2.99 
0.1767 0.7146 0.3498 0.5265 2.98 
0.1524 0.7627 0.3017 0.4541 2.98 


0.2003 0.2386 0.4418 0.6421 3.27 
0.1735 0.3178 0.3626 0.5361 3.09 
0.1482 0.3766 0.3038 0.4520 3.05 
0.1110 0.4562 0.2242 0.3552 3.02 
0.0937 0.4996 0.1808 0.2745 2.95 


Table 
Sodium Cyanide and Sulphate. 


Zine Combined cyanide 
mol per litre mol per litre 


0.2436 0.0754 0.9890 
0.2159 0.1869 0.8765 
0.1835 0.3231 0.7413 
0.1721 0.3726 0.6918 
0.1366 0.5167 0.5477 
0.0942 0.6872 0.3772 
0.0635 0.8088 0.2556 


0.1415 0.2726 0.5906 
0.1077 0.3938 0.4694 
0.5364 


0.0894 0.0503 0.3688 
0.0807 0.0963 0.3228 
0.0570 0.1927 0.2264 
0.0466 0.2389 0.1802 


Ratio 
| 
| | j 
4.06 

4.00 
a | | 
4.34 
4.00 
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Table 


Sodium Cyanide and Acetate. 


Free cyanide Combined cyanide 
mol per litre mol per litre mol per litre 


0.0907 0.4944 0.3688 
0.0692 0.5950 0.2682 
0.0351 0.7458 0.1404 
0.0258 0.7710 0.0922 


the above experiments, the molal ratio combined cyanide zine 
three one the case cyanide and sodium cyanide, and four 
one other cases, corresponding the formulas Zn(CN); and 
respectively. 

Stability the Zine Cyanide Ion. There available the literature 
very little information the concentration zine ion cyanide 
molal solution cyanide and 0.1 molal solution complex ion, which 

The author have consequently made series determinations the 
potential differences between zinc electrode and various salts 
sodium cyanide solution. The solutions used these measurements were 
made dissolving the appropriate amounts pure and 
100 portions 0.5177 molal sodium cyanide solution. The electromo- 
tive force measurements were made 18°C connecting normal calomel 
electrode, through normal potassium chloride salt bridge, with elec- 
trode pure zinc rod immersed directly the solution, which being con- 
stantly stirred. The data are summarized Tables and 


Table 


| 


3.18 


(1) anorg. Chem., (1904), 351. 


4.06 
3.87 
4.00 
3.58 
| | 
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Table 


Tables and are the measured electromotive forces and are 
the potentials the zinc electrode referred normal hydrogen electrode, 
taking the value for the single potential the normal calomel electrode 
0.2822 The ion concentration, was found the next 
equation. 


where the standard electrode potential the zinc electrode 
which given 0.7581 From the calculated value (Zn**), can 
determined from the expression 


Table 


0.03460 0.10442 


(1) Lewis and Randall, (1923), 407. 
(2) Ibid., 420. 


| 

} 

4 

: 

4 

is 
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Tables and the measured electromotive force; the 
correction required give the potential referred the normal 
hydrogen electrode, and the stability constant. The hydrogen ion con- 
centrations these solutions were calculated from the ionization constant 

From the law mass action have obtained for the dissociation 
hydrocyanic acid 


and, since 


have 


The concentration the undissociated sodium cyanide may neg- 
lected, since the salt may regarded completely dissociated. The 
hydrolysis sodium cyanide takes place according the equation. 


NaOH 


and the sodium hydroxide may, also regarded completely dissociated. 
Therefore, the concentration the ion produced the hydrolysis 
equal the concentration the undissociated HCN produced the same 
time according the equation. 


Now, from (3) have 


Therefore, the concentration the hydrogen ion was calculated from 
the equations (6) and (2) and the value was the next 


equation. 
log 


determine the zinc ion concentration may write, 


(1) Lewis and Randall, (1923), 589. 
(2) Ibid., 486. 


(3) 


Kafuku and Ichikawa. 


where the standard electrode potential Zn**, taken 0.7581 volt. 
From the calculated value Zn**, can determined from the above 
expression. 

The fact that remaines constant are added evidence for the 
formulas Zn(CN); and 


Conclusion. The composition the zine cyanide complex ion are 
probably and all concentrations. 


Yokohama Higher Technical School, 
Yokohama. 
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ous Formosa and one the most important timber trees the island. 
Its older growths are found along the central mountain range altitude 
7000 8500 ft. above sea level. Most these trees are gigantic size, 
the biggest tree Mt. Ari said more than two thousand years old 
and measures indeed height and diameter. The leaf 
this conifer has peculiarly pleasant odour its own, but the nature 
its volatile constituents, nothing has yet been reported. The authors, 
with view study such, distilled the live leaves freshly felled trees 
Mt. Ari with steam then and there, and could obtain quantity reliable 
material for examination, form faintly reddish coloured mobile oil 
with the characteristic odour, the yield the oil amounting 
referred the whole weight the leaf. This oil, being stood the 
air, was liable oxidize and thicken into viscid dark reddish-brown mass, 
however, without any appreciable change odour. The properties the 
oil, week after its preparation, were follows: 

Do. after 
acetylation 
0.8645 1.4724 24.67° 1.06 5.78 26.35 


This oil consisted for the most part terpenes, with smaller quantities 
terpene alcohols, sesquiterpenes, and sesquiterpene alcohols. addition 


2 
4 
4 
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these, the authors could detect the presence minute quantities 
crystalline ketone, liquid acid and solid phenol. The ketone had 
melting point 139°-140° and boiled between 157° and 161°. The authors 
propose name this ketone The liquid acid and the solid 
phenol showed remarkable resemblance citronellic acid and homopyro- 
catechin respectively but account the small quantity the substance 
available, was impossible carry out any positive means identifica- 
tion. Among the terpenes, there predominated highly active /-a-pinene 
quantity, while dipentene, and were also 
present with little The terpene alcohol fraction represented 
chiefly borneol and its esters, while the sesquiterpene fraction the 
authors detected cadinene and humulene. The highest boiling fraction 
tertiary nature perhaps identical with ‘‘cadinol’’ Semmler and 


Experimental. 


Acids and Phenols. the crude oil was shaken the 
machine with quantity caustic alkali solution and acids and phenols 
were regenerated from this aqueous layer the usual manner. After due 
purifications 2.14 gr. acidic and 1.2 gr. phenolic portions were obtained. 
Both these were reddish black colour but smelled differently,—the 
former was strong fatty odour while the latter reminded pyrocate- 
chin and cresol the same time. 


The Acid. The acidic portion fractionation small dis- 
apparatus came over chiefly between 135° and 136° under 
6mm. pressure, and the distillate was found possess the following 
characteristics 


Acid value Bromine value Ag-salt 
0.9507 1.4800 330.2 935 38.9 


The molecular weight calculated monobasic acid from the above data 
169.6 corresponding formula the calculated value 
from agreeing well with the experimental 
result. The bromine value points the presence one ethylene linkage, 
such requires 940.2 for The odour this acidic fraction re- 
minded citronellic acid, but attempts prepare its acid amide and other 
derivatives turned out futile. 


(1) Ber., (1914), 2068. 


Kafuku and Ichikawa. 
The Phenol. The phenolic portion showed marked tendency get 
darker colour and resinify exposure the air. fractional dis- 


tillation under mm. pressure furnished the following fractions 


Colour Reactions 


vanillin+ HCl 


B.p./8mm. 


FeCl, 


(1) 123°—130° 0.974 red green blue 
(2) 130°—135° 0.973 1.4959 purple 
(3) 135°—150° 0.976 1.5010 
(4) 150°—156° 0.978 


(3) and (4), cooling deposited quantity scaly crystals 
which, after purifications showed melting point 57°-62°, and seemed 
likely homopyrocatechin (m.p.=63°), but owing the lack material 
further means identification were possible. 


The Neutral Part. The lye-washed neutral oil was almost devoid 
the reddish tinge seen the crude state, and represented golden 
yellow transparent oil the following properties 


Do. after 


0.8654 1.4717 28° 1.00 5.75 26.44 


This oil was four times fractionated under 3mm. pressure using 
Wiedmer’s fractionating column, when the fractions with the following 
characteristics came over 


0.8505 
0.8584 
0.8621 
0.8771 
0.30° 
0.9263 7.20° 
0.9322 0.30° 
(9) 0.9319 0.45° 
(10) 0.9259 


7 
| 
| | | 
| | 
Yield 
83.70 
0.57 
| 
0.42 
| 
. 
ie | | 0.07 
| 
0.14 
| 
0.88 
0.67 
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Yield 


(12) 100°—105° —27.00° 0.78 


the above, notice that maxima the amount distillate per 
degree occur (1), (8), (14), and (19), while maxima and minima re- 
fractive indices and densities are observable (1), (5), (7), (15), (19), and 
(1), (6), (13), (19) respectively. also interest that while most the 
fractions are laevo-rotatory, strongly dexro-rotatory fractions are met with 
(7) and These features are graphically shown Fig. 


| 
Fig. 
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The Terpenes. Fractions (1) and (2), which represented the greater 
part the terpenic constituents, were boiled over metallic sodium for 
under pressure, and then fractionally distilled under the 
atmospheric pressure using Wiedmer’s column for dephlegmation. After 
seven successive fractionations the greater part accumulated the 
156°-157° fraction and showed the following properties 


That this fraction represented almost self-evident, but 
order prove its identity more rigorously, the following derivatives were 
prepared from 


(a) Pinene Hydrochloride. passing dry hydrogen chloride gas 
through well-cooled hydrocarbon, quantity the crystalline hydrochloride 
was obtained, which after recrystallizations from alcohol, melted 128°C., 
and showed depression the melting temperature admixture with 
known sample pinene hydrochloride. Its specific rotation alcoholic 
alcohol.) 


(b) Acid. oxidizing the hydrocarbon with gr. 
potassium permanganate water 5°-10°C., and treating the 
product oxidation the usual manner, syrupy acidic substance was 
obtained, which rectification under 4mm. pressure, distilled chiefly 
194°-199°. This distillate, being kept for three weeks ice-cold 
chamber, deposited mass crystals with m.p. 67°-69°. The residual 
fluid part showed specific rotation—25.0° and afforded semicarbazone 
(m.p.=203.5°) and oxime The oxime was insoluble 
glacial acetic acid and its specific rotation amounted +38.40° 
aleoholic solution. All these data agree with the previous data about 


pinonic acid. 


(c) Pinene Nitrosochloride. passing current dry nitrosyl 
chloride into well-cooled ethereal solution the terpene (1:1), and sub- 
sequently adding equal volume cold absolute alcohol. The needle 
crystals thus precipitated were filtered, washed, redissolved chloroform, 
and reprecipitated The purified product showed 
melting point 89°-90°, which even after several successive purifications 
remained unaltered. This accordance with the results Tsuchihashi- 
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and Lynn® who worked with highly active pinenes from 
Chamaecyparis obtusa, Sieb. and from Chamaecyparis Lawsoniana, 
(Murr.) Parl. respectively. worthy note that the present case 
weight the nitrosochloride was obtainable, whereas 
generally stated that the preparation nitrosochloride from highly active 
pinenes are accompanied difficulties. Our nitrosochloride showed 


(d) Nitrosopinene. Two grams the nitrosochloride was heated for 
five hours the water bath with 2gr. metallic sodium and 5c.c. 
alcohol, the whole mass was then thrown into water and kept 
for six days the ice chamber, when quantity crystals separated out. 
These crystals after from acetic ester showed melting 
point 

(e) Pinene Nitrolbenzylamine. treating the nitrosochloride 
with gr. benzylamine and 5c.c. the warm, crystals the 
benzylamine were obtained, which after recrystallizations melted 
This melting point somewhat too high for the ordinary 
pinene nitrolbenzylamine—122°-123°, but coincides with the data Lynn 
who prepared from pinene Chamaecyparis Lawsoniana. 

The next fraction b.p. 157°-161° seemed consist mixtures 
pinene and camphene, and carrying out the hydratation according 
Bertram and Walbaum, isoborneol was duely identified, (phenylurethane 
m.p. 136°-137°), while oxidizing with concentrated aqueous perman- 
ganate pinonic acid could obtained. Attempts prove nopinene 
sabinene proved fruitless. 

The portion boiling between 173° and 175° gave dipentene tetrabromide 
(m.p. 124°) treatment with bromine. The odour this fraction reminded 
the presence cineol it, and analyses also revealed the presence some 
oxygenated substances, thus 


0.2021 0.6241 0.2037 84.21 4.60 
| 

0.5169 0.1689 84.26 11.21 4.53 


So, the fraction was shaken with 50% resorcinol solution when small 
quantity cineol-like substance could regenerated from this resorcinol 


(1) Report Dep’t Industry, Gov. Research Inst. Formosa 119. 
(2) Ber. Schmmel Co., 1919 132. 
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solution. order identify cineol, was treated with iodol and iodol 
compound was obtained which melted 107°-110°. account the 
small quantity further purifications were possible, but most likely 
that this was cineol-iodol. (m.p.=112°). 

The next two fractions b.p. 175°-180° and were twice rectified 
and main fraction with the following properties was obtained 


179°—182° 0.8503 1.4765 —3.65° 


This gave two crystalline products oxidation with dilute permanga- 
nate solution, the one melting 235°-236° and the other 186°-188°. 
The first these corresponded terpinene erythritol while the latter 
acid. These results show that 
the fraction consisted and y-terpinenes. 


Benihione. The fractions (2)-(5) contained crystalline ketonic com- 
pound soluble dilute and being regenerated from 
such solution crystalline substance was obtained, which after recrystal- 
lization from melted 139°-140°C. This substance does 
not reduce Tollen’s solution, but attempt prepare its semicarbazone 
resulted failure. 


The Terpene Alcohols and Esters. The fractions (8), (9), and (10) 
represented terpene alcohols and esters their saponification values before 
and after acetylation clearly showed 


Sap. acet’n 


132.4 
129.8 
146.3 


These were separately fractionated under mm. pressure, and rectified 
three times the same manner, when the laevorotatory part accumulated 
higher boiling fraction, thus, 


| 


106°—107° 1.4712 


\ 
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All these fractions did not congeal even when they were cooled 
—20°. treatment with phenyl isocyanate each gave the same 
urethane melting 137°C, showing the presence borneol isoborneol 
every one them. they are benzoylated after Schotten- 
Baumann, and after standing over night, the products were subjected 
steam distillation. Then the residues from steam distillation were separate- 
saponified with excess alcoholic potash and steam distilled for the 
second time. The distillates were then ethered out, the ethereal solutions 
evaporated, when, from each them crystals borneol separated out. 
was identified such testing the melting point and preparing the 
phenyl urethane. directly saponifying the fractions and testing for 
the acids contained therein, the authors could detect formic and acetic 
acids. (Reducing action towards behaviour the silver salt analyses 
silver salts) 


The Sesquiterpenes. The fractions (12), (13), and (14) consisted chiefly 
sesquiterpenes but contained small quantities alcoholic and ester 
constituents, they were boiled for hours under reduced pressures over 
metallic sodium 80°-90° and then carefully fractionated seven times 
under reduced and atmospheric pressures. The resulting distillates showed 
the following properties 


(v) 264° 3.0 


Fractions (ii) and (iv) gave liquid hydrochloride while (vi) and (viii) de- 
posited cadinene dihydrochloride treatment with dry hydrogen 
The cadinene dihydrochloride showed rotation 
(0,1023 gr. chloroform) and melting point 117°C. 

Fractions (ii) and (iv) gave nitrosochloride which dissolved with 
difficulty ether alcohol but easily chloroform, and melting 173°- 
175°. was optically inactive. Action hydrogen chloride these 
fractions produced dihydrochloride. Also alcohol 
could obtained applying Aschan’s hydratation method. 


4 
| 
| | 
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The nitrosite was obtained adding 5c.c. glacial acetic acid into 
well-cooled mixture 3c.c. the substance 3c.c. petroleum ether 
(b.p. with some saturated solution sodium nitrite water, and 
stood over night blue substance separated out, which 
was filtered, washed, and dried. melted 116°-118°C. When this was 
from absolute alcohol, two kinds crystals were 
viz.: faintly blue-coloured crystal melting 164°-166°, and colourless 
needle melting 140°-141C°. These results agree with the des- 
cription about the recrystallization humulene nitrosite 
from alcohol. 

Nextly, the nitrosate was prepared the action mixture nitric 
and acetic acids (1:1) solution the hydrocarbon amy] nitrite and 
glacial acetic acid (5:5:8). The white crystalline substance obtained, melted 
163°C. The nitrosate and the nitrosite were optically inactive. 


The Sesquiterpene Alcohol. The fractions (18) and (19) were rectified 
twice under pressure and main fraction with the following char- 
acteristics was obtained 


These data show that the fraction consists sesquiterpene alcohol 
the bicyclic nature. Liebermann’s test exhibited beautiful green 
colour first, which gradually changed into blue and then greyish violet. 
did not react with phthallic anhydride neither benzol solution nor 
without the solvent heating 130°, from which seems probable that 
this represented tertiary alcohol. 

the action dry hydrochloric acid gas this fraction almost 
quantitative yield cadinene dihydrochloride (m.p. 118°) resulted, while 
dehydratation with sulphur afforded cadaline, its identity proved its 
picrate. From these behaviours most probable that this alcohol 
identical with Semmler and Jonas.” 


Department Industry, 
Government Research Institute Formosa, 
Taihoku, Formosa. 


Chem. Soc., 67, 60; Ibid., 1928, 133; 
cit. 
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THE FORMATION BENZENE- 


Bennosuke KUBOTA and Toshizo 
Published April 28, 1931. 
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With the view inquiring into the conditions the formation rings 
which can attached the ortho-positions benzene nucleus, and the 
effects benzene nucleus the odour alicyclic poly-membered rings, 
the synthesis was attempted. the 
present communication result the formation benzene-(pentanone- 


\/NCH, 


briefly descrived. 

the seven-membered ring compounds the type above mentioned, 
had previously showed, the course his investigations 
conditions formation rings attached the o-, m-, and p-positions 
the benzene nucleus, the synthesis phenylhydrazone ethyl 3-ketophen- 
heptamethylene-2-caboxylate 


CH” 


the application the Dieckmann reaction (the action sodium 
ester toluene 100°), though the pure ketone- 
carboxylate had not been isolated. Thus the formation benzene- 
was examined means dry distillation thorium 
salt o-phenylenedipropionic acid. The o-phenylenedipropionic acid was 
prepared Perkin’s but was found after few experiments 
that the large excess concentrated alkali solution did not act 
good yield the acid, the method was slightly modified descrived the 
experimental part. The action alkali ethyl o-xylenedimalonate was 
precisely investigated Mr. who previously reported the results 
this Being carefully saponified with dilute potassium hyd- 


(1) Titley, Chem. Soc., 1928, 2571. 
(2) Perkin, Chem, Soc., Titley, Chem. Soc., 1928, 2578. 
(8) This Bulletin, (1930), 326. 
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roxide solution, acidified with dilute sulphuric acid, and then extracted 
with either, o-xylenedimalonate gives really o-xylenedimalonic acid which 
from the mixture chloroform and benzene colourless 
microscopic crystals melting 156° with decomposition. When the therium 
o-phenylenedipropionate, which was prepared neutrallising the acid with 
caustic soda solution and then adding thorium chloride solution, was 
subjected the dry distillation diminished pressure, begins de- 
compose 200° the temperature the oil bath and yellowish oil which 
distils between 155 and 175° are collected. The product soluble almost 
all common organic solvents and recrystallised with much difficulty from 
petroleum ether. large plates melting 41-42°. 
elemental analysis itself and its phenylhydrazone, and the determination 
the molecular weight, proved nothing but benzene-(pentanone- 
showed his excellent researches higher 
carbonatom rings that alicyclic ketones which have carbon atoms from 
have the odour bitter almond and peppermint. may seen 
somewhat interesting indicate that the ketone obtained also has the 
striking smell them, though must naturally have many further 
investigations order know what influences are exerted upon the odour 


rings aromatic one consolidated into them. 


Experimental. 


Ethyl o-xylenedimalonate. The preparation this ester was carried 
out exactly described 


Zn+CH,COOH 
C,H, (CH, —CCl (COOC.H;)s]o C,H; (CH. CH (COOC:H;)s]Jo 


but was found difficult isolate o-phenylenedipropionic acid from 
ethyl o-xylenedimalonate the quantity showed the author and also 
found that the cause was use concentrated alcoholic potash, the investiga- 
tion which was previously reported Mr. this the 
method its preparation was modified described below. 


o-Phenylenedipropionic acid. flask provided with reflux con- 
denser. ethyl o-xylenedimalonate was boiled with little excess dilute 


(1) Ruzicka, Bull. Soc. Chim., (1928), 1145. 
(2) cit. 
(3) Loe. cit. 
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potash (about 2%) calculated from the following formula for some 
hours water bath and the hydrolysis was completed. 


Being added some water, the reaction mixture was carefully eva- 
porated water bath until the solution gained the former volume and 
was acidified with dilute sulphuric acid. o-Xylenedimalonic acid 
duced the solution was extracted three four times with ether. The 
etherial solution was washed with water and the ether was then distilled 
off, when slightly yellowish crystalline mass remained, consisting 
mainly o-xylenediomalonic acid accompanied small quantity o-pheny- 
acid and tarry matter. preparing 
pionic acid, enough heat the product oil bath the temperature 
between 120° and 165° when considerable evolution carbon dioxide take 
place and nearly pure o-phenylenedipropionic acid formed, which 
lises from water small colourless needles melting 160-162°. Neverth- 
less when the product consisting mainly o-phenylenedimalonic acid 
recrystallised from the mixture chloroform and benzene, pure o-xylene- 


colourless crystals which melts 156° with the evolution 
carbon dioxide and transforming acid. 


Seven membered ring. acid carefully neut- 
rallised with dilute caustic soda solution and solution thorium chloride 
added, whereby thorium o-phenylenedipropionate precipitated 
voluminous white mass. collected, washed with water, and 
dried air bath 100°. dry distillation under diminished pressure 
(about 0.1mm.), the salt begun decompose when the temperature the 
oil bath was raised about 200°, and the following fractions were collected, 


(1) 155—175° (2) 


The first fraction (1) was yellowish liquid which colourless 
plates when was left cool. The second fraction (2) was brown liquid 
which did not crystallise, even was left cool. But when was 
fractionated again under the same pressure yellowish liquid 
boiling 155-175° which was quite identical the first fraction (1) was 
obtained the main product. 

The product dissolves easily almost all common organic solvents, 
though can recrystallised with much difficulty from hot petroleum 
ether, when forms colourless plates melting 41-42°. The crystals have 
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strong smell bitter almond and peppermint and analysis proved 
those 


co. 


Anal. Subst. 2.466; mg. Found: C=82.64; 
Cale. for C=82.50; H=7.50%. 

Molecular weight was determined Rast’s method, using camphor solvent, 
0.264 mg. 3.099 mg. solvent gave 21.1°. Molecular weight found 166 
requires 160. 


alcoholic solution the product produced white turbidity the 
addition dilute alcoholic solution phenylhydrazine hydrochloride and 
sodium acetate, which being allowed stand for few hours, collected into 
precipitate. This was filtered and recrystallised from when 
formed colourless crystals melting 85° and analysis proved 
nothing but phenylhydrazone 


Anal. Subst.=2.25mg.; (19°, 749.2mm.) Found: Cale. 
for N=11.2%. 


Authors wish acknowledge their obligations Mr. Yokowo for 
his kind assistance this research. 


The Institute Physical and Chemical Research, 
Tokyo. 
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Attention has recently been called the methane-oxygen reaction 
source hydrogen-carbon monoxide mixtures. obtained suit- 
able mixture for the catalytic synthesis methanol incomplete com- 
bustion methane. The methane, mixed with half its volume oxygen 
was injected into coke maintained 1000°. Brownlee and Uhlinger® em- 
ployed method obtaining carbon monoxide, hydrogen and nitrogen 
from the products combustion internal combustion engines. This 
method incomplete combustion methane was proposed many patents, 
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often combined with the process using the reaction between methane and 
steam, but few information has been made the scientific works 
with regard the oxidation methane carbon monoxide and 
hydrogen. 

The present work was undertaken investigate the reaction atmos- 
pheric pressure with the view obtaining the efficient catalysts acceler- 
ate the reaction cause take place lower temperatures. The 
experiments were carried out flow method 800—1000°, with and 
without catalysts, using methaner-air and methane-oxygen mixtures. 
was found that nickel and cobalt were efficient catalysts and their activity 
was promoted the addition various oxides. The most efficient cat- 
alysts those studied were nickel-thoria and nickel-silica. the presence 
those catalysts, the reaction proceeds 850—900° almost quantitatively 
shown the following equation 


Without catalyst, the analysis the effluent gas reveals that the greater 
part methane was unchanged 1000°. 


Experimental. 


Methane was obtained from cylinder natural gas from the Kashiwa- 
zaki Province and gas mixtures containing volumes methane and 
volumes air, and volumes methane and volume oxygen, were 
used. The oxygen was obtained from cylinder that gas. The gases 
were allowed pass the rate 15/. per hour over catalyst which was 
placed centrally the porcelain reaction tube the gas furnace. The 
temperature was measured means platinum and platinum-rhodium 
thermo-couple. The off gas was collected and analyzed. Analysis was 
carried out with usual method, and hydrogen and methane were deter- 
mined oxidation with copper oxide 300° and 550° respectively. Con- 
fining fluid was water. 

the experiments 3—5 gr. oxides were carried 5gr. small 
grains pumice which gave layer catalyst when packed 
into reaction tube. The temperature was raised 800—1000° and gases 
were allowed pass over the catalyst. During the reaction, easily redu- 
cible oxides catalysts were reduced and converted metals. the case 
nickel catalyst, experiments were carried also with the catalyst which 


(1) Brit. Pat., 247,176. 
(2) U.S. Pat., 1,107,581. 
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was reduced 400° with hydrogen before the commencement the reac- 
tion. The catalyste were prepared the following methods 


Nickel oxide—Ignition nickel nitrate. 
Cobalt oxide—Ignition cobalt nitrate. 
Iron iron oxalate. 


The mixed catalysts were prepared the ignition nickel cobalt 
nitrate with nitrates other metals. (in the case mangan and magne- 
sium the formates were used.) Nickel-silica and cobalt-silica catalysts were 
prepared the ignition the nitrates with anhydrous silicic acid. 

The results obtained are given Tables and may seen 
from Table when the mixture methane and air used, without 
catalyst, hydrogen appears 800° only effluent gas and 1000° 
The use nickel and cobalt catalysts greatly accelerates the reac- 
tion and lowers the reaction temperatures. Iron catalyst not suitable 
because favours the production carbon dioxide. clear from the 


Table 


mixture, rate flow per hr. with catalysts, 
per hr. without catalyst. 
Heavy 


hydro- 


Catalysts 


Without catalysts 


| — 


* 

| | | 


Oxidation Methane Carbon Monoxide and Hydrogen. 


Table 


Methane-air mixture, rate flow per hr. 


Heavy 
hydro- 


Catalysts 


| 


| 


| 
| 


0 | 


oo oo oc 


| 


oo oo oc 


ou 


The figure indicates gram molecule the oxide added gram atom 
Co. 
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0.1 1000° 1.1 18.2 40.9 2.0 37.8 
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Table 2.—(Concluded) 


Catalysts 
850° 0.3 1.1 19.5 36.5 2.8 39.8 


Table 


Methane-oxygen mixture, rate flow per hr. 


Heavy 


| 


850° 0.3 62.7 2.8 4.9 
900° 0.4 29.0 64.0 2.3 4.3 
0.1 Temp. 
850° 0.7 0.1 308 593 3.5 5.1 
900° 0.4 3).6 61.4 


results Table the addition other oxides increases the activity 
nickel and cobalt. The most efficient catalysts are nickel-thoria and 
shown Table when the mixture methane and 
oxygen used, the similar results are obtained with nickel-thoria cata yst. 
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